INTRODUCTION
The literature suggests there may be important differences in the properties of epididymal and ejaculated spermatozoa. Perhaps the most conspicuous change is the loss of the kinoplasmic droplet; as spermatozoa move through the epididymis, the kinoplasmic droplet migrates towards the tail of the spermatozoon and is seldom found attached to the cell after ejaculation (Gresson & Zlotnik, 1945; Branton & Salisbury, 1947; Mukherjee & Bhattacharya, 1949; Rao & Berry, 1949; Bialy & Smith, 1958 ). An increase in specific gravity also occurs, suggest¬ ing a general shrinkage and dehydration of the protoplasm during the ripening process Lindahl, Kihlström & Strom, 1952) . In addition, the fertilizing capacity of spermatozoa increases as they move along the epididymis (Young & Simeone, 1930; Munro, 1938) and in some species, at least, the cells acquire the potential to move (Mukherjee & Bhattacharya, 1949; Rao & Berry, 1949; Salisbury, 1956) .
Epididymal spermatozoa from the bull and boar have been shown to be more resistant than ejaculated cells to a sudden fall in temperature; the so-called 'cold shock' (Lasley & Mayer, 1944; Lasley & Bogart, 1944) . According to Lardy, Hansen & Phillips (1945) , there are also important differences in the metabolic pattern of epididymal and ejaculated bull spermatozoa, which they attribute to a 'metabolic regulator' released in an active form after ejaculation (Lardy, Ghosh & Plaut, 1949) .
The fact that spermatozoa survive for longer periods in the epididymis than they do at the same temperature after ejaculation again suggests there might be intrinsic differences between the two types of cells (Hammond & Asdell, 1926; Asdell & Salisbury, 1941 One of the difficulties in the study of epididymal spermatozoa, hitherto, has been the necessity to kill animals in order to collect material by the methods of Czarnetzky & Herle (1938) or Lasley & Bogart (1944) . Thus, it has been impossible to make repeated observations on the epididymal spermatozoa of an individual and difficult to compare epididymal and ejaculated spermatozoa from the one animal.
The problem has been approached by establishing a fistula into the vas deferens of one testis close to the tail of the epididymis so that on electrical stimulation ejaculated spermatozoa could be obtained from the penis, and epididymal spermatozoa from the fistula (White, Larsen & Wales, 1959) . It is the purpose of this paper to report the results of a comparison of epididymal and ejaculated spermatozoa obtained from a number of rams in this way.
MATERIAL AND METHODS
The operation for establishing epididymal fistulae in the ram and the method of collecting epididymal semen have been previously described (White, Larsen & Wales, 1959) .
The volume of the ejaculated semen was measured in a graduated centrifuge tube and that of the epididymal semen in an opsonic pipette. The pH of the secretions was determined electrometrically with micro-electrodes.
Motility was estimated by visual examination under a low-power microscope by the system of Emmens (1947) . Full motility was rated as 4 and complete immotility as 0. Since there was evidence that the motility of epididymal spermatozoa declined in the absence of a glycolyzable sugar, the semen was examined routinely after mixing with a small volume of diluent (0-132 M-NaCl, 0-005 M-KC1, 0-001 M-KH2PO4, 0-001 M-MgS04 7H20, 0-01 M-Na2HP04 I2H2O) containing 100 mg/100 ml fructose, or after it had been well aerated.
Total sperm counts were made with a haemocytometer, the semen being diluted with 3 % sodium-chloride solution.
A mixture of 2% congo red and 5 % nigrosin (Gurr) in 2-6% sodiumcitrate dihydrate was used to assess the percentage of live spermatozoa. One drop of semen was mixed with two drops of stain and duplicate smears made after 5 min. One hundred spermatozoa were counted on each slide and the mean percentage of unstained spermatozoa was used as unit observation in the analyses of variance. In the cold-shock experiments, the semen was held at 30°C and the stain at the required temperature -i.e., 30°, 25°, 20°, 15°, 10°, 5°and 0°C, as described by Hancock (1951 (1948) with an incubation period of 20 min for colour development (White, 1959) . Lactic acid was estimated by the method of Barker & Summerson (1941 (Emmens, 1948 (Emmens & Swyer, 1948; Blackshaw, 1953; White, 1954) absence of oxygen (see Table 6 ). These differences, according to Lardy, Ghosh & Plaut (1949) , are due to the presence in bull spermatozoa of a meta¬ bolic regulator which occurs in the epididymal spermatozoa in a bound form, but is released in an active form after ejaculation.
The oxygen uptake, aerobic and anaerobic fructose utilization and lactic acid production of six samples of ejaculated and epididymal ram spermatozoa are shown in Table 7 . Twice-washed spermatozoa, with and without the addition of 100 mg/100 ml of fructose, were compared with unwashed controls. Since fructolysis and lactic acid production did not occur in the absence of fructose, only the results where this sugar has been added to the diluent have been included in the statistical analyses. (White & Wales, 1960, unpublished data) . In the ejaculated semen, fructose constitutes the bulk of total reducing sugar (Mann, 1954) ; the discrepancy between these values in Table 1 is due to the fact that it was not possible to perform both analyses on the same sample.
The values for glycerylphosphorylcholine, although high, are rather less than previously found by Dawson, Mann & White (1957) using the choline method of Appleton, LaDu, Levy, Steel & Brodie (1953) . Ram spermatozoa are incapable of metabolizing glycerylphosphorylcholine and, despite the high concentration in the epididymis, glycerylphosphorylcholine cannot act as a source of energy in this organ (Dawson, Mann & White, 1957) . There does, however, appear to be an enzyme in fluids of the ewe's genital tract that can break down glycerylphosphorylcholine (White & Wallace, 1961) , so that free glycerol or phosphoglycerol may be made available to the spermatozoa after copulation.
The question of what constitutes the substrate for the metabolism of sperma¬ tozoa stored in the epididymis is an intriguing one. It must be remembered that there may be constant interchange between the blood and epididymal fluid, so that despite the low concentration of reducing sugar in the epididymal fluid at any one instance, it, and perhaps also acetate (Scott, White & Annison, 1961) , could still be important in the economy of the spermatozoa.
The finding that the motility of epididymal spermatozoa falls off in vitro if they are deprived of both oxygen and a glycolyzable sugar has been adequately explained (see Mann, 1954) on the basis that spermatozoa contain intracellular material that can serve as an energy source for motility under aerobic condi¬ tions. Under anaerobic conditions, intracellular reserves cannot be utilized and the motility of epididymal spermatozoa will only be maintained in the presence of added sugar, since epididymal semen itself contains no fructose.
The reason that ejaculated spermatozoa withstand dilution better than epididymal cells is probably the presence of protective proteins in the seminal plasma. White (1954) found that none of a large number of low-molecularweight constituents of seminal plasma protected ram spermatozoa against the harmful effects of high dilution. Protection was, however, given by 10% seminal plasma and a variety of high molecular weight substances such as protein and starch (Blackshaw, 1953) .
The present studies suggest that there are only slight physiological differences between ejaculated spermatozoa and spermatozoa in the cauda epididymis. The most notable difference observed was the resistance of epididymal sperma¬ tozoa to cold shock, particularly those with attached kinoplasmic droplets. The kinoplasmic droplet apparently contains lipid, since it stains with Sudan 111 and osmium tetroxide (Mukherjee & Bhattacharya, 1949) . The phospholipid, lecithin, protects spermatozoa against cold shock (Phillips & Lardy, 1940; Kampschmidt, Mayer & Herman, 1953; Blackshaw, 1954) 
